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CN . Abstract 



We show that inclusion of a TeV scale chiral superfield transforming in the adjoint representation of the color SU(3) 
to the MSSM particle content modifies the renormalization group running of some parameters in such a way that a 125 
GeV mass of the light Higgs boson is accommodated more comfortably than in cMSSM / mSUGRA. Put differently, the 
introduction of a color adjoint TeV scale superfield helps resurrecting lighter choices for the stop and gluino which are 
otherwise disfavored in cMSSM / mSUGRA. 



I Introduction: The discovery of the Higgs boson, or more appropriately, a Higgs-like boson at the CERN Large Hadron 

Collider (LHC) Ell has pushed one of the most advertised class of supersymmetric (SUSY) models, namely, the con- 
(— I I strained minimal supersymmetric standard model (cMSSM), or equivalently, minimal supergravity (mSUGRA), into an 
uncomfortable corner The disappointment arising from the so far unsuccessful attempts to underpin any supersymmetric 
relics via direct searches at the LHC IIH got further aggravated by the news that the Higgs boson is as heavy as 125 GeV. 
This is so because the third generation squark masses and the associated soft trilinear scalar coupling, on which LHC 
I cannot put as stringent direct constraints as on their first two generation counterparts, are now pushed to one to few TeV to 
CTS ■ ensure that the lightest Higgs mass receives sufficient radiative enhancement. It is in this context that we write this short 

■ note. We propose that a simple augmentation of the MSSM particle content with a chiral superfield transforming in the 
adjoint representation of the SU(3) color group proves to be useful in easing part of this difficulty and thus resurrecting 

■ some of the lost parameter space. Put briefly, our scenario is the following: add a colored chiral superfield whose scalar 
and fermionic components behave like a scalar gluon and a gluino, respectively, with no other non-vanishing gauge quan- 
tum numbers, each weighing around a TeV. Their presence would modify the renormalization group (RG) running of the 
QCD coupling (more specifically, would add positive contributions to its beta function), which would in turn feed into 
the running of the top Yukawa coupling yt, and the trilinear scalar coupling At entering the stop mixing matrix. These 
modifications give us a few territorial advantages over cMSSM: (i) the gluino and the lighter stop can be lighter than what 

^ ' they should weigh in cMSSM for generating the 125 GeV mass of the light Higgs; (ii) the rather large (possibly maximal) 
5^ . stop-mixing, which facilitates reaching out to 125 GeV mass of the Higgs, does not compel |^o| any more to be as large 
as what cMSSM requires it to be. The motivation for adding an adjoint superfield may come from string theory, more 
specifically, the intersecting D-brane models jj). However, such color adjoint fields in four dimensional context need not 
be seen only as spies from extra dimension or string theory, they may very well have more mundane ancestry. The main 
upshot of our analysis is that the introduction of a color adjoint superfield at the TeV scale improves the fine-tuning. 

Other options for creating more room for accommodating a 125 GeV SUSY Higgs also exist. Next-to-minimal super- 
symmetry (NMSSM) is already known to possess an improved fine-tuning as its gauge singlet superfield, coupled to the 
two Higgs doublets in the superpotential, provides a tree level mass to the lightest CP-even Higgs lUEl. A recent numer- 
ical study of the trilinear scalar couplings A\ and in the conventional scale invariant version of NMSSM, however, 
shows that the 125 GeV mass of the Higgs boson is compatible only in some well-separated islands of the parameter 
space IS). Further reduction in fine-tuning in NMSSM has more recently achieved by introducing extra matter descending 
from Eq origin in a scenario which also possesses a discrete i?-symmetry solving the domain wall problem and enhancing 
proton stability f9\. A bottom-up approach for addressing the fine-tuning problem, which goes by the name of 'natural 
SUSY', has also gained attention where the third generation sfermions and the Higgsino are kept light, while the rest of 
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the superpartners are considered heavy |fT0HT2l . Additional matter fields transforming as GUT multiplets have also been 
employed to ^effer realize the 125 GeV mass of the Higgs, improving consistency with the muon (g — 2) measurement at 
the same time ifTSl . Our method of comfortably achieving the 125 GeV mass of the Higgs relies on adding a color adjoint 
state that does not directly couple to the Higgs sector but its effect filters through to the Higgs mass only via modifications 
of RG running of various couplings. Adjoint representation states have been employed for different purposes so far It 
was shown that such a colored chiral superfield, appearing e.g. in the context of a 4-dimensional realization of = 2 
supersymmetry in a 5-dimensional theory lfT4l[T5l . helps the gluino acquire a large Dirac mass in a class of super-soft 
SUSY breaking models ifTSI actually helps to improve the fine-tuning ifTTl of parameters. A very recent study 1181 aiming 
to improve the fine-tuning has employed the 24-plet SU(5)-adjoint superfield, the vacuum expectation value of whose 
singlet component helps to enhance the tree level Higgs mass in the NMSSM-style. As a result, the 125 GeV Higgs mass 
is reached with a lighter stop and smaller mixing, the colored states being used to keep the running of the top Yukawa 
coupling under control. 
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Fi gure 1 ; RG running of the top Yukawa coupling in 
cMSSM+ {red line) and in cMSSM {blue line). 
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Figure 2: RG running of the trilinear scalar parameter 
At in cMSSM+ (red line) and in cMSSM {blue line). Here, 
Ml/2 = 500 GeVa«rftan/3 = 10. 



Formalism: We refer to the present scenario as 'cMSSM-n' for repeated use in the subsequent text, which implies the 
MSSM particle content plus a single SU(3)c adjoint chiral superfield. We now demonstrate how its introduction induces 
a drastic modification to RG evolution of several parameters. All we need to calculate are the contributions of the fermion 
and scalar components of the adjoint superfield to the QCD gauge beta function. These are given by 
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and A5? = - . 3 = 1 , 
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where the factor 3 represents color, and the factor (1/2) in the fermionic contribution comes from its Majorana nature. 



Hence Abs 



Abi 



A6| = 3. We assume that the new fermion and the scalar weigh around a TeV. So, as soon as this 



energy is crossed, the new states are sparked into life, and the above increment in the beta function changes the slope of 
the running of 53 keeping it flat at its weak scale value all along (up to one loop precision). This constitutes the primary 
effect and the rest is simply its consequence, as we explain now step by step. We recall that the gauge beta functions are 
given by (t = In Q/(l GcV)), 
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where (61, 62, ^3) = (33/5, 1, —3) for MSSM at one loop 111 91 . Since, only 63 receives an increment in cMSSM-n, as 
shown in Eq. ([T]), the cMSSMh- set reads: (&i, 62,^3) = (33/5, 1, 0). For our purpose, one loop estimate of beta functions 
is enouglfl Since in cMSSMh- hardly runs beyond the TeV scale, the gluino mass also remains stationary at the leading 
order Admittedly, gauge couplings do not unify in this model since only the slope of running is modified, although the 
value of (73 remains perturbative all the way up to the high scal^. In our subsequent numerical discussions on cMSSMh- 

'Two loop RG evolution in Dirac Gaugino context has been discussed in 1201 . 

^Additional chiral multiplets suitably charged under SU(2)l and U(1)y rnay be added to ensure that the RG curves of 02 and cti are also bent 
appropriately to reinstate gauge coupling unification at a value higher (still perturbative) than in IVISSM. But this is not our main focus and we do not 
pursue the unification issue any further. For a discussion on gauge coupling unification in F-theory GUT models with Dirac gauginos, see 1211 . 
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we treat Mq = 2 • 10^® GeV as a high scale reference point (for comparison of various running vis-a-vis MSSM), and 
assume that the common gaugino and scalar supersymmetry breaking mass parameters, M1/2 and mo, respectively, refer 
to that point. We now look at the RG running of the top Yukawa coupling, where for illustration we display only the 
dominant terms: 



dt 
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Since 53 stays at the large weak scale value even at the high scale, the RG trajectory of the top Yukawa coupling is bent to 
lower values compared to MSSM at the high scale - see Fig.[T] This will help us understand the evolution pattern of the 
trilinear coupling At- Again, we display the dominant terms for providing intuition: 
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An interplay of Eqs. (|2]), Q and (|4|i provides the insight that starting from a given negative high scale value Aq, the 
weak scale value At is more negative in cMSSM+ compared to cMSSM - see Fig. |2](drawn for M1/2 = 500 GeV and 
tan f3 = 10). It is now known that a negative At of larger magnitude is more helpful for reaching out to 125 GeV mass of 
the Higgs (see e.g. 12211231 for recent studies). This transpires from 
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where v = yj v\ + = 174 GeV, tan/3 = Vu/vd, Xt = At — /icot fi, and A/5 = ^TOj- rrit^ is the geometric mean of 
the two stop masses. Although Eq. (|5]l does not care about the sign of At, but given the slope of its RG trajectory a large 
negative value of At is easier achieved than a positive value of the same magnitude. 

Results and other implications: In Fig. [3] we show the scatter plot of the Higgs mass for different choices of the ratio 
of high scale parameters Aq and mo in cMSSM+ (red points) and in cMSSM (blue points). We scan over the following 
ranges: mo = [0,2] TeV, M1/2 = [0,2] TeV and Ao = [0,-2] TeV, keeping tan/3 = 10 and ^ > (preferred by 
{g — 2) of muon). What is significant is that for the above parameter choices, especially, the magnitude of negative Aq not 
exceeding 2 TeV, cMSSM struggles to give the Higgs a mass of 125 GeV II22II23I . but for the same ranges of parameters 
cMSSM+ offers a 3 to 4 GeV enhancement to the Higgs mass which is enough to bring it into consistency with the CMS 
and ATLAS measurement. This is simply a consequence of a more negative value of At that is attainable in cMSSM+ 
compared to what is possible in cMSSM, i.e. \At (cMSSM+)| > \At (cMSSM)|, starting from a given (negative) Aq at 
the high scale. This happens because the running of At has a steeper slope in cMSSM+ due to the tweaking of its RG 
evolution by the adjoint contribution. In Fig. |4] we choose the same high scale parameters, except that now Aq = [0, —4] 
TeV, so that cMSSM can accommodate a 125 GeV mass of the Higgs. The shaded regions in the plane of the gluino 
and the lighter stop masses correspond to points for which the light Higgs weighs between 123 and 127 GeV. What we 
demonstrate in Fig.|4]is that there is a significant recovery of the lighter spectrum in the cMSSM+ compared to cMSSM. 
We have made use of two packages, SuSpect 1241 and microOMEGAs lIZSl . during the implementation of these plots, 
and we have ensured that the predictions for some low scale observables, e.g. Bs decays to n^fi^, are consistent with 
their experimental observations in the shaded regions. 

We briefly mention some phenomenological implications of the color adjoint superfield. As shown in IS), its scalar 
component (assumed heavier) can decay into its fermionic component and gluino much before the time of nucleosynthesis 
to avoid any cosmological problems. The fermionic state can decay into characteristic At+ neutralino missing energy 
through nonrenormalizable interactions, which has very low standard background. If the fermionic component is long- 
lived, there are ways to ensure that its relic density is insignificant. In the LHC context it has been shown that the 
experimental bounds on such models with Dirac gauginos are weaker than on similar MSSM-type models ifTTl . Several 
other authors have studied different hadronic decay signatures of color-octet scalars/pseudo-scalars Ii26-i28l. The outcome 
of our analysis in the context of the Higgs mass may provide further motivation for the LHC studies of the adjoint states. 

Conclusion and outlook: Naively, one might think that the presence of any colored matter would induce a similar shift 
in the Higgs mass. Indeed so, but not always in the preferred direction. We tried also with diquarks ($) appearing through 
a superpotential VFdq — y^^u^Uj^ + where for illustration we considered coupling with up-type singlets. Here 
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Figure 3: Scatter plot of the Higgs mass where the high 
scale parameters are fixed at Mq = 2 ■ 10^^ GeV (redfor 
cMSSM+, blue for cMSSM). A systematic enhancement in 
the Higgs mass by about 3 GeV is noticed for cMSSM+ as 
compared to cMSSM for the same choice of Ao/mo- 
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Figure 4: The shaded regions correspond to rrih between 
123 and 127 GeV. A significant shift towards a lighter stop 
and gluino is observed for cMSSM+ (red points) as com- 
pared to cMSSM (blue points). 



3> = (3, 1, 4/3) and $ = (3, 1, —4/3) (see, e.g. Ref. ||29l for a list of possibilities for different diquark representations). 
It is easy to check that A&3 = 1 in this case, which is to be contrasted with A63 = 3 for the adjoint - see Eq. ([U. This 
is one of the reasons behind the much smaller shift in the Higgs mass that one can get with a diquark. Indeed in the 
diquark case, Ab2 and A61 would be non-vanishing, but these are numerically not so relevant in this context. Crucially, 
the diquark Yukawa coupling y$ contributes in the 'wrong' direction to the running of yt and At, and its magnitude has 
to be kept under control as otherwise yt would blow up pretty fast. We relegate a more detailed study of different types of 
diquarks in this context to a future publication. This last observation of ours, i.e. Yukawa running in this context is indeed 
a tricky issue, is in accord with a recent study claiming that additional chiral fermions at the GUT scale with large Yukawa 
couplings modify At in a way that the light Higgs mass is actually reduced for the same stop and gluino masses ||30l . 
Herein lies the reason as to why the color adjoint extension offers the most promising scenario in the present context. 

We reiterate that by no means one can say that cMSSM (or, equivalently, mSUGRA) is already disfavored. All we 
observe is that the light Higgs mass in cMSSM struggles to reach out to the last few rungs of its experimental range. This 
can be considerably eased if, instead of holding ourselves hostage to the conventional particle content of the MSSM, we 
add a new TeV scale color adjoint superfield, which has enough motivations to exist and which offers rich phenomenology 
to be explored at the LHC. 
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